Nasal colonization with Staphylococcus aureus (SA) increases the risk of surgical site infection (SSI). We first (1) determined the prevalence of asymptomatic nasal colonization with SA, (2) assessed trends in methicillin resistance with time, (3) ascertained risk factors for nasal colonization; and (4) correlated SSI to nasal colonization status and procedure. We performed a cross-sectional analysis of SA nasal colonization among healthy preoperative orthopaedic outpatients between 2003-2005 who were within 2 weeks of surgery. Of 284 patients, 86 (30%) carried SA; of these, 81 (94%) were colonized with methicillin-sensitive and five (6%) with methicillin-resistant SA (MRSA). Total SA colonization increased from 25/ 78 (32%) in 2003 to 37/97 (38%) in 2005, and colonization with MRSA increased from 0/78 (0%) to four of 97 (4%), respectively. We found no associations between nasal carriage and demographics or procedures. Surgical site infection occurred in nine of 282 (3%), four of which were attributable to SA; these included 0/43 (0%) carriers who received decolonization with 2% mupirocin, two of 43 (4.7%) who declined decolonization, and two of 196 (1.0%) who were noncarriers. Nasal colonization with SA, including MRSA, among preoperative orthopaedic outpatients is increasing and their rates reflect community rates. Knowledge of colonization status may be important in decolonization, choosing perioperative or any subsequent empiric antibiotics.
Introduction
Staphylococcus aureus is among the most common causes of SSI in orthopaedic patients [1] . The association between SA nasal colonization and infection was first reported in 1931 [4] . Since then, it has been well established that development of SSI involving SA is associated with preoperative nasal colonization with the organism [4, 23, 24] . Nasal colonization with SA was the most powerful independent risk factor for SSI after cardiothoracic surgery [14] , and in another study of patients undergoing orthopaedic surgery with prosthetic implants, nasal colonization with SA was the most important independent risk factor for development of a SSI. Carriers of SA were nine times more likely to have an SSI develop versus noncarriers (95% confidence interval, 1.7-45.5) [12] . The Centers for Disease Control and Prevention (CDC) describes preoperative nasal colonization with SA as a risk factor for SSI [17] .
Methicillin-resistant Staphylococcus aureus (MRSA) in the community is believed to add to the burden of SA colonization, and its prevalence is increasing [13] . Furthermore, Ellis et al. reported a 3.1-fold risk (95% confidence interval, 1.5-6.5) for acquiring MRSA infection in MRSA carriers compared with noncarriers [7] . It is unknown how these data can be applied to a preoperative orthopaedic surgery population and whether MRSA colonization status should play a role in perioperative antibiotic selection and empiric treatment regimens. Staphylococcus aureus is the most important cause of orthopaedic infection at our institution, and we have noted an increasing incidence of MRSA SSIs in patients undergoing orthopaedic surgery. Despite the known association between preoperative colonization with SA and SSI, little is known about the epidemiology of the nasal carriage in an orthopaedic surgery population.
Our primary objective was to (1) determine the prevalence of asymptomatic nasal colonization with SA, including MRSA, among healthy preoperative orthopaedic surgery outpatients at an urban hospital. As secondary objectives, we sought to (2) assess trends in methicillin resistance with time; (3) ascertain risk factors for nasal colonization with SA by demographic data and elective procedure; and (4) correlate the development of SSI to nasal colonization status and procedure.
Materials and Methods
We performed a cross-sectional analysis of SA nasal colonization in preoperative orthopaedic outpatients. Between September 19, 2003, and September 26, 2005 , we obtained nasal swabs from the bilateral anterior nares of 284 orthopaedic outpatients scheduled for elective surgery within 2 weeks of their surgery date. Only patients who were unwilling to undergo nasal swabbing were excluded.
Staphylococcus aureus was cultured and resistance to methicillin was characterized using standard methods. The nasal swab was plated on mannitol salt agar (BD, Franklin Lakes, NJ) and incubated overnight at 35°C to 37°C in a non-CO 2 incubator. After overnight incubation, plates were interpreted. Any yellow colonies were subcultured on a blood agar plate. Gram-positive cocci in clusters from the blood agar plate were subjected to catalase and coagulase tests after 24 hours incubation. Isolates that were catalase and coagulase-positive were inoculated onto selective agar containing 6 lg/mL of oxacillin. Isolates that showed no growth after 24 hours on the oxacillin plate were reported as methicillin-sensitive SA (MSSA) and isolates that showed growth after 24 hours were reported as MRSA [3, 18] . We did not assess for mupirocin susceptibilities.
There were 118 (41.5%) males and 166 (58.5%) females screened, with a mean age of 50.7 years (range, 18-85 years). Based on ethnicity, there were 104 (36.6%) whites, 54 (19.0%) blacks, 117 (41.2%) Hispanics, and nine (3.2%) other. By surgical procedure, there were 94 (33.1%) arthroplasties, 63 (22.2%) arthroscopies, 57 (20.1%) podiatric procedures, 12 (4.2%) fracture fixations, two (0.7%) hand surgeries, 23 (8.1%) hardware removals, and 33 (11.6%) other surgical procedures.
The prevalence of SA nasal colonization was defined as the number of patients who had SA grow from the culture of their preoperative nasal swab divided by the total number of patients screened. In addition, we divided the study period by calendar year and calculated period-specific prevalence to assess changes in methicillin resistance with time. We used a two-tailed Fisher's exact test to determine statistical significance (p \ 0.05).
To assess risk factors for nasal colonization with SA, we reviewed medical records for demographic and surgical procedure data. Demographic variables collected included age, gender, and ethnicity. The surgical procedures were categorized as arthroplasty, arthroscopy, podiatry procedures, fracture fixation procedures, hand surgery, hardware removal, and other surgical procedures. The other surgical procedures group was comprised of patients having biopsies, bursectomies, and soft tissue procedures. We did not assess for prior antibiotic use. We conducted univariate and comparative statistical analyses to determine whether any of these variables could be risk factors for nasal colonization with SA using independent samples t-tests, Fisher's exact tests, and chi square analyses. We performed binary logistic regression analyses to estimate odds ratios and corresponding 95% confidence intervals for SA carriage for each potential risk factor. We performed statistical analyses using SPSS software (SPSS 11.5, Chicago, IL). Statistical significance was set at p \ 0.05.
Patients in whom SA was detected were offered nasal decolonization with no less than six doses of 2% mupirocin calcium ointment before their surgery. No other decolonization methods were used. Prophylactic antibiotic regimens included cefazolin (or if cephalosporin allergic, clindamycin) infused within 60 minutes before incision and continued up to 24 hours after wound closure. Cutaneous antisepsis was achieved using chlorhexidine. Patients were followed for 30 days after their operative procedure to assess development of infection. All postoperative SSIs, including superficial, deep incisional, and organ/space infections, were noted and classified according to CDC definitions [10] . Two of the 284 patients could not be located for followup.
Results
Among 284 healthy preoperative orthopaedic surgery outpatients presenting within 2 weeks of their surgical procedure, 86 patients (30.3%) asymptomatically carried SA in their anterior nares. Of the 86 carriers, 81 (94%) were colonized with MSSA and five (6%) were colonized with MRSA. Thus, of the 284 patients screened during the 2-year period, MRSA was colonized in 1.8% of patients.
We observed an increase (p = 0.04) in prevalence of total SA colonization with time ( Fig. 1) . , the numbers of persons who were not carriers were 53 (67.9%), 85 (78.0%), and 60 (67.6%), respectively.
Patients screened in 2005 were more likely to be carriers than expected. , the numbers of persons who were MSSA carriers did not increase (p = 0.09): 25 (32.1%), 23 (21.1%), and 33 (34.0%), respectively; neither did the numbers of persons who were MRSA carriers increase (p = 0.08) in those same years: 0 (0.0%), one (0.9%), and four (4.1%), respectively.
We observed no correlations between nasal carriage of MRSA and any of the demographic data or surgical procedure variables examined. The odds ratios and p values for each variable examined were obtained for association with colonization status (Table 1) . Even when combining patients up to 40 years of age, no associations were found in carriage rate.
Of the 282 patients in whom we were able to assess SSI, 180 nine (3.2%) developed infections. Five of 9 infections occurred among patients in the arthroplasty group. Four of the 5 arthroplasty infections were cultured, and all 4 grew SA (three 182 MSSA and one MRSA). Two of the other 4 nonarthroplasty infections were cultured, and none grew SA. SSIs resulting from SA were significantly higher (p = 0.02) among arthroplasty vs other surgeries. In two of the patients who had SA SSIs develop, the SSIs were the result of SA phenotypically similar to the strain they carried in the anterior nares preoperatively (both MSSA). The other two patients who had cultivable SSIs resulting from SA were not carriers (Fig. 2) . Overall, of the 86 patients colonized with SA in their nares, 43 opted for intranasal decolonization with mupirocin before surgery. A similar proportion of carriers who declined intranasal mupirocin preoperatively experienced SSI from SA (4.7%) compared with noncarriers (1.0%) and carriers decolonized preoperatively (0.0%).
Discussion
Staphylococcus aureus is among the most common causes of SSI in orthopaedic patients, and nasal colonization results in increased risk of SSI [1] . MRSA, the prevalence of which has been increasing in the community, is believed to add to the burden of SA colonization [13, 15] . Therefore, we sought to determine the prevalence of asymptomatic nasal colonization with SA, including MRSA, among healthy preoperative orthopaedic surgery outpatients at an urban hospital. We also assessed trends in methicillin resistance with time, examined possible risk factors for nasal colonization with SA by demographic data and elective procedure, and correlated the development of SSI to nasal colonization status and procedure.
A major limitation to our study is that it was underpowered to accomplish our secondary objectives. We were unable to do a comparative analysis of rates of SSIs and effect of decolonization, as only four SA SSIs were recorded. The small number of SSIs as an outcome variable and the nonrandomized choice of SA carriers who were decolonized preclude us making a correlation between the development of SSI to nasal colonization status. Achieving adequate power would have required an extraordinarily large patient population that would not have been feasible with resources available to us. In addition, there is potential underestimation of SA carrier state owing to the focus solely on anterior nares swabs, and not including other sites such as the throat, axilla, groin, and/or rectum. However, previous studies documenting a linkage between colonization and infection have cited nasal colonization, and not reservoirs from these other sites, as the risk factor for infection [1, 4, 12, 14, 17, 23, 24] . Finally, failure to genotypically relate the SA strains causing SSIs with the corresponding preoperative nasal strains makes definitive conclusions about clonality impossible. Although these strains appeared similar phenotypically based on susceptibility profile, it is possible molecular typing studies would reveal two distinct strains.
The overall nasal carriage rate of SA of 30.3% in our study population was within the range of nasal carriage rates reported in other studies [5, 13, 15] . The Centers for Disease Control and Prevention reports approximately 25% to 30% of the United States population is colonized with SA based on epidemiologic evaluations compiled since the 1950s [5] . Studies from recent years trend toward higher reported rates [13, 15] . In a nationally representative US survey of noninstitutionalized individuals 1 year or older, the prevalence of SA nasal colonization was 32.4% in 2001-2002 [15] . However, the overall rate of MRSA in our orthopaedic population of 1.8% was somewhat higher than the 0.8% reported by Kuehnert et al. [15] . In another study, MSSA colonization was present in 153 (38%) of the 404 asymptomatic outpatients, and MRSA colonization was present in eight (2%) [13] . Thus preoperative orthopaedic outpatient colonization rates with MSSA and MRSA in our study population seem to reflect the rates of the general population from other studies during similar periods.
Eighty percent of our patients colonized with MRSA were identified in the final year of the study period. However, the increase from 0% during the first year to 4% during the last year was not significant as we had statistical power of only approximately 40% to detect an effect of time on increased MRSA colonization rates. As with infections, other data indicate the prevalence of MRSA colonization is increasing in some community settings, even in patients who lack traditional or any identifiable risk factors for MRSA [6, 11, 16] . We presume the emergence of MRSA in the community is producing an additive effect to total colonization rates, ie, MRSA is not simply replacing MSSA, but rather adding to the burden of SA colonization. When looking at the overall population in our study, patients screened in 2005 were more likely to be carriers than statistically expected. Owing to the constantly changing nature of antimicrobial susceptibility profiles and regional epidemiology differences, it seems that knowledge of colonization status with this most common cause of infection in orthopaedic patients will be important in choosing perioperative antibiotic and empiric treatment regimens.
We observed no correlations between SA colonization rates and any of the demographic data or surgical procedure variables examined. Previous large, population-based surveillance studies report colonization varies between different ethnic groups, with higher rates in whites, in men [9, 25] , and patients with extremes of age [2] . Dividing our population into these subgroups made each sample size too small to be able to duplicate detection of such differences; in addition, patients with extremes of age were not well represented in our population, and no one younger than 21 years presented for surgery in our clinic during the study period. It is likely our healthy preoperative outpatient population mirrors that of the general adult population, and unless the previously described risk factors for carriage were disproportionately represented in the various surgery types, it would be unlikely to see significant differences based on surgical procedure.
Greater than half of the SSIs that occurred were in patients having arthroplasties, and all SSIs attributable to SA were in patients having arthroplasties. Half the patients undergoing arthroplasties who were infected with SA were infected with the same phenotypic strain as carried in the infected patients' nares. All of these infections were significant and the patients underwent additional surgery for treatment of the infections. Although this study lacks power to detect a difference in SSI rates resulting from SA between nasal carriers and noncarriers, and a benefit from nasal decolonization in reducing SA SSIs, our trends are similar to those of others who have attempted to show elimination of carriage in the anterior nares, the principle reservoirs of SA, reduces the incidence of SA SSI [11, 20, 21] . In one large study, application of prophylactic intranasal mupirocin ointment decreased the rate of all nosocomial SA infections among patients who were SA carriers (48% risk reduction); the 37% reduction in SA SSI overall was not significant [20] . In another study, patients undergoing elective orthopaedic surgery during which prosthetic implant material was used and who received mupirocin had rates of endogenous SA infections that were five times less than in the placebo group, but this difference was not statistically significant [11] . Although such trials have failed to show reductions of SSIs among patients receiving mupirocin, the trend toward lower SSI rates has remained consistent. Adequate power required to show a reduction in SSI from a baseline of 3.2%, as in our study, would require thousands of patients, as SA nasal colonization is not invariably present in individuals with an active SA SSI [8] , and decolonization is not 100% successful.
The prevalence of asymptomatic nasal colonization with SA, including MRSA, among healthy preoperative orthopaedic surgery outpatients is similar to what has been reported in the general community. Therefore, the changing epidemiology of SA in the community is important to preoperative orthopaedic surgery outpatients. In 1974, Patzakis et al. reported a reduction of infections in patients with open fractures or gunshot wounds who received prophylactic antibiotics active against SA [19] . MRSA now comprises greater than half of all SA isolates in some communities. However, CDC guidelines for the use of antimicrobial prophylaxis in surgery in 1999 cautioned against routine use of vancomycin for perioperative antimicrobial prophylaxis but encouraged the decision to involve consideration of local frequencies of MRSA isolates [11] . French guidelines for use of antimicrobial prophylaxis in surgery in 1999 recommended the use of vancomycin in patients with MRSA colonization [22] . To allow for compliance with these guidelines, particularly in arthroplasties when SSI results in a relatively higher morbidity, routine screening may be warranted to determine optimal perioperative antibiotic and empiric treatment regimens and consideration for perioperative nasal decolonization for nasal carriers.
